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SYNTHETIC RESIN FILM FOR LAMINATES AND METHOD OF PRODUCING 

SAME 

This invention relates to synthetic resin film for laminates having improved 
scratch resistance and methods of producing the same. 

Background of the Invention 



Synthetic resin film is used in the manufacture of laminates. It is used 
most typically as the surface material of a laminate. Synthetic resin film is 
generally of two types. The first is impregnated paper, also known as resin 
impregnated paper or saturated paper. The other is finished foils, also known as 

15 decorative foils. Impregnated paper is distinguished from finished foils in that the 
thermosetting resin in a resin impregnated paper is at most partially cured prior to 
lamination, while those in a finished foil are fully cured. This means that 
impregnated paper does not require an adhesive during the lamination process, 
while finished foils do. 

20 Synthetic resin film is produced by manufacturing methods and processes 

well known in the art. In general, impregnated paper is manufactured by 
impregnating a substrate with a liquid composition comprising thermosetting 
resin, drying the resin, and, either simultaneously with and/or subsequently to 
drying, partially curing the resin to form impregnated paper. A common industrial 

25 method of carrying out the impregnation is to pass the substrate through one or 
more baths containing a liquid composition comprising thermosetting resin. The 
resin-laden substrate is then typically dried by exposure to a drying zone having 
an elevated temperature, usually between about 60 and about 90°C. 
Simultaneous with and/or subsequent to the drying, the resin is partially 

30 polymerized (partially cured) by exposure to heat. Temperatures required for 
partial curing vary depending on the resin, however, typical temperatures are 
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between about 100°C and about 170°C. Further details of the composition and 
manufacture of impregnated paper may be found in, for example, European 
Patent Specification Publication No. 0 186 257 and UK Patent Specification 1 
591 954. Methods of making finished foils are also well known in the art. These 
5 methods are substantially the same as those for making impregnated paper, the 
important distinction being that the resin in the finished foil is substantially 
completely, rather than partially, cured. 

Synthetic resin film is predominately used as the surface material to 
produce laminates. Such films are typically used as a surface material for 

10 materials comprising wood, for non-limiting example, particle board, medium 
density fiber board, composite panel and other wood-based materials. Synthetic 
resin film is more particularly used to produce decorative laminates for 
applications such as woodworking, furniture, flooring and automotive industries. 
Decorative laminates typically employ synthetic resin film that has been produced 

15 using a substrate that is colored, printed, etc. to provide pleasing esthetic 
qualities. The substrate can also be transparent, for example, overlays. 

Laminates are typically referred to as either "low pressure laminates" or 
"high pressure laminates." The synthetic resin film produced according to the 
current invention can be used in the manufacture of either low pressure 

20 laminates or high^pressure laminates. Low pressure laminates _are_ typically 

produced by hot press lamination of synthetic resin film, typically in the form of 
resin impregnated paper, to a "backing" or "board" such as fiber board, especially 
medium density fiber board, particle board, composite panel, etc. This produces 
a hard, crosslinked thermoset material on the surface of the board or backing. A 

25 major reason for laminating the board or backing with synthetic resin film is to 
provide it with an esthetically pleasing, as well as durable, surface. Accordingly, 
the substrate used to make synthetic resin film for both high pressure and low 
pressure lamination is typically colored, printed or otherwise decorated. For 
these applications, "resin impregnated paper" is sometimes referred to as "resin 

30 impregnated surfacing materials." 
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Resin-types frequently used to make synthetic resin film, especially resin 
impregnated paper, for both high pressure and low pressure applications are 
melamine resins (including, for example, melamine formaldehyde), urea resins 
(including, for example, urea formaldehyde), and phenolic resins (including 
5 phenol formaldehyde). When the resin used to make impregnated paper is a 
melamine or urea, hot pressing of the resin impregnated paper to the backing to 
make a low pressure laminate usually is conducted at between about 260°F 
(130°C) and about 430°F (220°C) and about 280 to 400 psi (20 to 28 kg/cm 2 ). 
Kraft papers are typically impregnated with phenolic resins and the press 

1 0 conditions are usually about 1 30° to 1 80°C. 

High pressure laminates, on the other hand, are conventionally made by 
stacking and curing under heat and pressure a plurality of layers (at least two) of 
impregnated paper, fabrics and/or other core material. The stacked assembly 
typically comprises several layers (at least 2, but more typically 3 to 8) of 

15 impregnated paper. All of these layers, except a decorative layer, are normally, 
though not necessarily, resin impregnated paper having a Kraft paper substrate 
impregnated with phenolic (including phenol formaldehyde) or melamine resin. If 
a decorative layer is placed on top of the other layers it is usually impregnated 
paper formed from a colored, printed or otherwise decorated paper substrate 

20 impregnated with resin. An overlay, which is transparent or translucent and 
allows viewing of the decorative layer, may be placed over the decorative layer. 
The stacked assembly forming a high pressure laminate usually is cured at a 
temperature of between about 230°F (110°C) and about 340°F (170°C) and 
about 800 (56 kg/cm 2 ) to about 1600 psi (112 kg/cm 2 ). Further information 

25 regarding the production of laminates, especially decorative high pressure 
laminates, may be found in, for example, the above-mentioned European Patent 
Specification Publication No. 0 186 257 and UK Patent Specification 1 591 954. 

It is known that some properties of synthetic resin film can be improved by 
the use of certain additives in the liquid thermosetting resin used to impregnate 

30 the substrate. For example, acrylic can be added to make the impregnated 
paper more flexible. Also, aluminum oxide (Al 2 0 3 ) can be added to the resin to 
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improve abrasion resistance of the resulting the impregnated paper (EP 0 186 
257). However, technological solutions are still sought for the need to increase 
the scratch resistance of synthetic resin film. 

Surprisingly, it has been found that the use of low profile additives in the 
5 thermosetting resin, in particular ceramic mircospheres or micronized (powdered) 
polyethylene, significantly improves the scratch resistance of the resulting 
synthetic resin film. This improved scratch resistance can be achieved without 
adding additional layers or affecting the decorative appearance of the laminate. 

10 Summary of the Invention 

The current invention relates to a method of producing a synthetic resin 
film for laminates, said synthetic resin film comprising a substrate impregnated 
with a thermosetting resin composition, said method comprising 
15 (a) impregnating the substrate with a thermosetting resin composition 
comprising a thermosetting resin and a low profile additive, and 
(b) drying the impregnated substrate of (a). 

Additionally, simultaneous with, and/or subsequent to drying, the impregnated 
substrate can be at least partially cured. 

20 Preferably, the low profile additive is ceramic microspheres 

The invention also relates to a method of preparing a thermosetting resin 
composition comprising a low profile additive and a liquid thermosetting resin. 

The invention further relates to synthetic resin film comprising a substrate 
impregnated with a dried and at least partially cured thermosetting resin and a 
25 low profile additive. 

Further, the invention relates to laminates comprising a synthetic resin film 
of the type described above. 

Detailed Description of the Invention 
30 The current invention, in one embodiment, is a a method of producing 

synthetic resin film by impregnating a substrate with a thermosetting resin 
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composition comprising an uncured thermosetting resin and a low profile 
additive, then drying the impregnated substrate. In another embodiment, after 
impregnation, the uncured thermosetting resin is at least partially cured, either 
during and/or subsequent to drying. The invention also comprises the resulting 
5 synthetic resin film. It has been found that the use of such low profile additives, 
as described herein, significantly and surprisingly increases the scratch 
resistance of the resulting synthetic resin film. 

The substrate used in the process of the current invention for making 
impregnated paper, though usually paper, may be any type of impregnable 

10 substrate, including for non-limiting example, woven and non-woven textiles. If 
intended for decorative purposes, the substrate is normally printed, colored or 
otherwise decorated paper having a basis weight about 20 to about 250 grams, 
more typically about 70 to about 130 grams. Typical basis weight for finish foil is 
about 30 to about 90 g/m 2 Impregnated papers intended for the under layers of 

15 high pressure laminates most typically have Kraft paper substrates and basis 
weight about 30 to about 160 g/m 2 . 

In principle, any uncured thermosetting resin, or combination of 
thermosetting resins, can be used in a thermosetting resin composition to make 
synthetic resin film according to the instant invention. Currently, the resins most 
20 commonly used- are melamine-formaldehyde, urea-formaldehyde, phenol- 
formaldehyde, acrylic resins and polyester resins. The resin is typically applied 
to the substrate in the form of an aqueous or solvent solution having a resin 
concentration of about 40 to about 60 wt. %, preferably about 45 to about 55 wt. 
%. The substrate can be impregnated with resin by various techniques of 

25 applying resin compositions, such as baths, rollers, doctor blades, air knife, wire 
wrapped rod, metering roll, doctor bars, etc. The resin compositions can be 
applied in one or more stages with drying and/or partial curing between 
application stages. 

The resin composition "low profile additives" are inert, substantially 
30 spherical particles having a particle size in the range of about 5 to about 60 
microns, most preferably in the range of about 10 to about 50 microns Such 
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particles are typically ceramic or thermoplastic polymers, such as polyethylene. 
Such particles are commonly referred to as microspheres or powders. Non- 
limiting examples of commercially available low profile additives are ceramic 
microspheres from Zeelan Industries, Inc., St. Paul, MN as Zeeospheres ceramic 
5 microspheres, and Polywax® polyethylene powder (molecular weight 400 to 
3000) available from Baker Petrolite Polymers Division. Use of uncured resin 
compositions having such low profile additives to produce synthetic resin film 
surprisingly provides unexpectedly improved scratch resistance. Low profile 
additives should be present in an amount to provide desired scratch resistance, 

10 usually about 2.5 Newtons or higher, preferably about 3.0 Newtons or higher, 
most preferably about 3.5 Newtons or higher. To provide the desired scratch 
resistance, the low profile additive is typically present in the final synthetic resin 
film in an amount of at least about 0.5 g/m 2 , preferably at least about 2 g/m 2 , 
more preferably at least about 5 g/m 2 , and most preferably at least about 6 g/m 2 . 

15 The invention is further disclosed and described by the following non- 

limiting examples. 

Preparation and Testing of Samples Relating to Ceramic Microspheres as 
Low Profile Additive 

Resin impregnated paper for the examples reported was prepared by the 

20 method described below. — - 

1 . An uncured thermosetting resin composition of 50 wt.% melamine 
formaldehyde resin was prepared according to the following 
formula: 

84 % aqueous composition of melamine formaldehyde resin (59 % 
25 solids content) 

0.33 % Aricel 100 (catalyst from Borden Chemicals) 
10 % water 

1.3 °/ Hypersal XT793 (wetting agent from Hoechst) 

4.6 % aqueous slurry of ceramic microspheres (see below) 

30 

In examples where the uncured thermosetting resin composition 
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comprised low profile additive the low profile additive was added by 
first making a slurry 67 wt.% on solids. The slurry was prepared by 
combining the following in a high speed mixer: 

80 kg Zeeospheres W610 ceramic microspheres 
5 kg Acumer 9300 (dispersing agent from Rohm & Haas) 
35 kg water 

The uncured thermosetting resin composition described above 
(without low profile additive) was then prepared in another high 
speed mixer. The low profile additive slurry was slowly added to 
form a well-mixed composition. Examples having low profile 
additives are indicated on Table 1. The low profile additives in the 
examples in Table 1 are Zeeospheres W610 ceramic microspheres, 
from Zeelan Industries, Inc., St. Paul, MN. 

Four hundred liters of the thermosetting resin composition prepared 
above were placed in the first bath of a Babcock coating machine. 
The Babcock coating machine was loaded with a 1 .53 m wide roll of 
decorative paper (basis weight noted for each example in Table 1 ) 
and run through at 23 m/min. The thus treated paper was air dried 

at80°C. — — 

A second uncured thermosetting resin composition of 55 wt.% 
melamine-formaldehyde resin was prepared according to the 
following formula: 

90 % aqueous composition of melamine-formaldehyde (59% solid 
content) 

0.4 % Aricel 100 (catalyst from Borden Chemicals) 
3.5 % water 

4.3 % aqueous slurry of ceramic microspheres (67 % solids) 
0.8 % Additiol VXT 3750 (release agent from Hoechst) 

In examples where the second uncured thermosetting resin 
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composition comprised low profile additive, the low profile additive 
was added to the thermosetting resin composition by the same 
process as that described in step 1 above. Examples having low 
profile additives are indicated on Table 1. The low profile additives 
used are described in step 1 above. In Table 1, examples "With 
Additive" ceramic microspheres were used in both the first and 
second uncured thermosetting compositions. 
The second uncured thermosetting resin was applied with a roller to 
the already once-treated substrate. The treated decorative resin 
impregnated paper was then subjected to an oven having varying 
temperature zones; 150°C, 140°C f and 155°C. The speed of the 
sample through the oven was 22 to 24 meters per minute. The final 
volatiles was about 4.8 to about 5.4 % and the final resin content of 
the synthetic resin film is about 56 to about 60%. 
The resulting synthetic resin films (in this case, resin impregnated 
paper) was then tested for scratch resistance by using a Teledyne 
Taber Scratch Tester (Scratch Tester). The resin impregnated 
paper was first laminated to a 5.5 to 6.0 mm thick piece of medium 
density fiber board using a Burkle press. Lamination was affected 
by operating the press at 45 bar and 195°C for 30 seconds. A 10 
cm x 10 cm sample of the laminate was cut. A hole was drilled in 
the center of the sample. The sample was mounted on the Scratch 
Tester. The Scratch Tester uses a weighted diamond point which is 
drawn in a circular motion over the mounted sample, using first 5 
Newtons force, then reducing the force (usually in 0.5 Newtons 
increments) until the diamond point scores a continuous circle in 
the sample. The scratch test results are reported in Table I in 
Newtons. It is desirable to have a scratch resistance about 2.5 or 
higher, preferable about 3.0 or higher, more preferable about 3.5 or 
higher. 
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Table 1 

Scratch Resistance Test Results: Ceramic Microspheres 



Sample No. 


Basis 


Presence of 


Scratch Resistance: 


Scratch Resistance 




Weight 


Additive 


With Additive 


Without Additive 




(g/m 2 ) 


(g/m 2 ) 


(Newtons) 


(Newtons) 


1 


80 


6.8 


4.0 


2.5 


2 


85 


0.71 


2.5 


2.0 


3 


85 


5.0 


3.0 


2.0 


4 


72 


5.9 


3.5 


3.0 


5 


83 


2.73 


4.0 


3.5 


6 


85 


2.14 


3.0 


2.5 


7 


85 


3.01 


3.5 


3.0 


8 


75 


5.2 


3.5 


3.0 


9 


80 


5.7 


4.5 


3.5 


10 


105 


5.6 


3.5 


2.0 


11 


80 


5.9 


3.5 


2.0 


12 


80 


6.5 


4.0 


2.5 


13 


130 


3.7 


4.5 - 


3.0 


14 


80 


3.3 


3.75 


3.0 
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As shown by the test results above, the use of low profile additives in accordance 
with the current invention surprisingly and unexpectedly increases the scratch 
resistance of resin impregnated paper. 

Preparation and Testing of Samples Relating to Polyethylene Powder as 
Low Profile Additive 

Resin impregnated paper for the examples reported was prepared by the 
method described below. 

1 . An uncured thermosetting resin composition of 50 wt.% melamine 
formaldehyde resin was prepared according to the following formula: 
73.37 % aqueous composition of melamine formaldehyde resin (59 % 
solids) 

0.33 % Aricel 100 (catalyst from Borden Chemicals) 
10% water 

1.3 % Hypersal XT793 (wetting agent from Hoechst) 

15 % polyethylene powder (Polywax®, Baker Petrolite Polymers 

Division) 

The components were mixed in a laboratory mixer- In examples where 
the uncured thermosetting resin composition comprised low profile 
additives (polyethylene powder), the low profile additive was dispersed 
directly into the uncured thermosetting resin composition. In the final 
uncured thermosetting resin composition, low profile additives were 
present as 1 5 wt. % on the weight percentage of liquid content resin. 
Examples having low profile additives are indicated on Table 2. 

2. An 8 in. x 10 in. piece of decorative paper of basis weight as indicated 
in Table 2 was place in a bath containing the resin composition of step 
1 until the resin composition permeated through the paper as indicated 
by darkening of the paper. The thus treated paper was oven dried at 
130°C for about 40 to 50 seconds. 
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3. The piece of decorative paper already treated in step 1 was roller 
coated with the resin composition prepared in step 1 to provide a 
second resin coat. The resulting synthetic resin film was completed by 
placing the treated paper in an oven for about 110 to 120 seconds at 
130°C. 

4. The resulting synthetic resin film (resin impregnated paper in this case) 
was then tested for scratch resistance by the method described above. 
Results are reported in Table 2. 



Table 2 

Scratch Resistance Test Results: Polyethylene Powder 



Sample No. 


Basis Weight 

(g/m 2 ) 


Scratch Resistance: 
With Additive 
(Newtons) 


Scratch Resistance: 
Without Additive 
(Newtons) 


15 


85 


3.0 


1.5 


16 


105 


3.0 


1.5 


17 


130 


3.5 


2.0 



As shown by the test results above, the use of low profile additives in accordance 
with the current invention surprisingly and unexpectedly increases the scratch 
resistance of resin impregnated paper. 
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